
A report is offered of a double blind study, placebo controlled, which
compared production lots of Edmonston B and further attenuated
strains of live measles virus vaccine. The trial was made in
Tegucigalpa, Honduras. Results are presented and discussed.
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Introduction

IN 1962, Schwarz' reported preliminary
studies of a live measles virus vac-

cine strain that appeared to cause less
fever than the attenuated Edmonston B
strain. Krugman, et al.,2 comparing the
two strains, observed that febrile re-
sponses exceeding 1030 F which were
induced by the vaccines occurred ap-
proximately half as frequently following
Schwarz's strain vaccine as following the
Edmonston B strain vaccine.

In 1963, a scientific group from the
World Health Organization3 recom-
mended field studies in different coun-
tries to compare several further at-
tenuated strains, among them the
Schwarz strain, with the attenuated Ed-
monston B strain. Studies in progress
have been summarized by Cockburn and
Pecenka,4 and some results from Yugo-
slavia,5 Nigeria,6'7 Russia,8 and Can-
ada,9 are already available.

In previous trials, subjects were vac-
cinated with experimental batches of
vaccines. More recently, the possibility
has been raised that some further at-
tenuation of each of the strains may
have been achieved in the course of
large-scale commercial production. The
purpose of the present study was to

evaluate clinical and serologic responses
following injection with measles vaccine
from recently produced, commercial lots
of vaccine. Unmodified Edmonston B
and Schwarz (hereafter called "further
attenuated") strains of live measles vac-
cines were employed in a placebo con-
trolled, double blind field trial in Hon-
duras.

Material and Mefhods
Setting
The field trial took place in Teguci-

galpa, the capital of Honduras, during
February and March, 1965. A single
neighborhood, Barrio Morazon (popula-
tion 4,100), was selected because of its
compact size and proximity to a health
center, which was its principal medical
facility. No house in the area was more
than a ten-minute walk from the health
center.

Study Population

Parental consent was obtained for 300
children between the ages of four months
and four years, and all susceptible to
measles according to their histories, to
participate in the study. The children
were matc-hed for age, and then they
were randomly divided into three equal
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groups. One group was to receive Ed-
monston B strain vaccine; the second,
further attenuated strain vaccine; and
the third, a placebo.
A physician examined each candidate

for signs of illness. All children with
fever, marasmus, known tuberculosis, or
allergy to eggs were rejected. Each
child's height and weight were meas-
ured.

Vaccines and Vaccination

Single lots of Edmonston B vaccine*
and of further attenuated vaccinet were
used.?
The two vaccines and the placebo were

lyophilized preparations in single-dose
vials. The materials were reconstituted
immediately before use. A 0.5 cc dose
of vaccine or placebo was injected by
syringe and needle subcutaneously in
the left deltoid region.

All injection materials including
diluent were disguised with colored
labels. The nurse in charge of vaccina-
tion did not participate in surveillance
of reactions.

* "Rubeovax," Lot #74814B, was kindly
provided by Maurice R. Hilleman, Ph.D., of
the Merck Institute for Therapeutic Research.

t "Lirugen," Lot # 185016B, was kindly sup-
plied by Anton J. F. Schwarz, M.D., of the
Pitman-Moore Company.

$ Names of commercial manufacturers and
trade names are provided for identification
only, and inclusion does not imply endorse-
ment by the Public Health Service of the
US Department of Health, Education, and
Welfare.

Surveillance

Ten nurse auxiliaries were assigned to
districts with from 25 to 30 children
each. Each district contained children
in all three study groups. The auxiliaries
who performed surveillance did not
know to which vaccine group a child
had been assigned.
The homes of all children were visited

daily between 2:00 P.M. and 6:00 P.M.
for three weeks after vaccination. The
visiting auxiliary recorded rectal tem-
peratures and other symptoms on a
standard reaction form. One of three
physicians visited each child every sec-
ond or third day and saw every child
with elevated temperature or rash. If
a child developed a temperature of 390 C
or greater, he was given pediatric
aspirin.

Serology

A serum sample was collected from
each child before vaccination, and more
than 95 per cent of the children returned
in 25 days for a postvaccinal bleeding.
A microadaptation of the measles hem-
agglutination inhibition (HI) test of
Rosen,10 using African green monkey
erythrocytes, was used to test pre- and
postvaccinal sera simultaneously. As
soon as the second blood sample had
been taken, the placebo group were vac-
cinated, but they were not subsequently
followed for clinical or serologic re-
sponse.

Table 1-Honduras measles vaccine trial, 1965, final study population

Number of children in each vaccine group
Further

Edmonston B attenuated Placebo Total

Iniitial registration 94 91 93 278
Less seropositive* 9 13 17 39
Less inadequate informationt 2 7 5 14

Final study population 83 71 71 225

* HI titer equal or greater than 1 :5 before start of study.
t Children observed fewer than six times and children missing one of paired sera.
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Table 2-Honduras measles vaccine trial, 1965, distribution of maximum temperature*
day 4 through 14 after vaccination

Number of children in each temperature interval
Vaccine <380 380-389 390-394 395-399 40° + Total

Edmonston B 8 (9.9%) 28 (34.6%) 21 (25.9%) 15 (18.5%) 9 (11.1%) 81t

Further attenuated 19 (27.9%) 29 (42.6%) 10 (14.7%) 7 (10.3%) 3 (4.4%) 68t
Placebo 39 (54.9%) 29 (40.8%/) 1 (1.4%) 1 (1.4%) 1 (1.4%) 71

* Rectal temperatures expressed in degrees Centigrade.
t Excluding two children *who did not demonstrate seroconversion (HI titer of 1:5 or greater following vaccination).
+ Exclulding three children who did not demonstrate seroconversion (HI titer of 1:5 or greater following vaccination).

Results There were no significant differences
between the three groups in age, aver-

Study Population age height, and weight.
Table 1 shows the distribution by vac-

cine group of the final study population. Clinical Response
Of the 300 children asked to participate A rectal temperature of 39.50 C
in the study, 10 never appeared at the (103.1° F) or higher was observed ap-
vaccination center and 12 were rejected proximately twice as frequently follow-
because of a contraindication to measles ing vaccination with Edmonston B
vaccination; 278 subjects were regis- strain vaccine as following vaccination
tered and vaccinated. A total of 53 vac- with further attenuated vaccine; 29.6
cinees were excluded from the study: 39 per cent of those vaccinated with Ed-
demonstrated an HI measles antibody monston B and 14.7 per cent of those
titer of 1:5 or greater before vaccina- vaccinated with further attenuated vac-
tion; and for 14, information was inade- cine registered one or more readings of
quate either because of missing or in- 39.50 C from day 4 through day 14
sufficient serologic specimens or too few following vaccination (Table 2). This dif-
home visits. Every child in the study ference between the two vaccine groups
was seen at least six times during the is statistically significant (p=0.05).
11 days from day 4 through day 14 Children one year old and older de-
after vaccination; 90 per cent of the veloped fever of 39.50 C and higher
entire study population were seen at least following measles vaccination more fre-
ten times during this 11-day observa- quently than infants (Table 3). How-
tion period. ever, this difference in febrile response

Table 3-Honduras measles vaccine trial, 1965, maximum temperature 5139.5' C in
three age groups, day 4 through 14 after vaccination

Number of children in each age group
<12 months 12-23 months 24+ months All ages

Vaccine Total 5 39.5° C Total 5 39.5° C Total > 39.5° C Total 5 39.5° C

Edmonston B 17 3 (17.6c4) 34 13 (38.2%) 30 8 (26.7%) 81* 24 (29.6%)
Further attenuated 15 1 (6.7%) 28 4 (14.3%) 25 5 (20.0%) 68t 10 (14.7%)
Placebo 15 0 (0.0%) 29 1 (3.4%c) 27 1 (3.7%) 71 2 (2.8%)

* Excluding two children who did not demonstrate seroconversion.
f Excltiding three children wvho did not demonstrate seroconsersion.

AUGUST, 1967 1 33S



Figure 1-Honduras measles vaccine trial
day of maximum temperature, day 4
through 14, only children with tem-
perature >39.5° C
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between infants and older children was
not statistically significant.
The group receiving Edmonston B

strain experienced most of its high
fevers on day 10 following vaccination,
while the group receiving further at-
tenuated strain developed most of its
febrile reactions on day 9. This is de-
picted graphically in Figure 1.

Table 4-Honduras measles vaccine trial,
4 through 14 after vaccination

Reactions other than fever are com-
pared in Table 4. One recipient of Ed-
monston B vaccine, a 13-month-old male,
experienced a single generalized seizure
ten days after vaccination. His tempera-
ture was 39.80 C at the time of the
convulsion. He was observed daily for
eight days following the seizure, and no
further neurologic abnormalities were
noted.
A transient rash was found in over

one-fourth of the children receiving Ed-
monston B strain. Approximately 12 per
cent of subjects receiving further at-
tenuated strain and 10 per cent of those
receiving placebo developed rash. Cough
and diarrhea were common in the com-
munity, and there was no difference in
the incidence of these symptoms. There
was no difference in the frequency of
conjunctivitis between the placebo and
either of the vaccinated groups. Tonsil-
litis consisting of redness, edema, and
rarely exudate, was more frequently ob-
served in the vaccinated groups than in
the placebo group.

Serologic Response

Over 95 per cent of the children re-
ceiving vaccine developed antibodies by
the 25th day after vaccination. None
of those receiving placebo developed
measles HI antibodies. The geometric
mean HI titer (Table 5) was signifi-
cantly higher following vaccination with
Edmonston B strain than following vac-
cination with the further attenuated
strain (p<0.001).

1965, reactions following vaccination, day

Number of children with each symptom for one day or more
Vaccine group Total Rash Cough Diarrhea Conjunctivitis Tonsillitis

Edmonston B 81* 22 (27.2%) 56 (69.1%) 45 (55.6%) 15 (18.5%) 25 (30.9%)
Further attenuated 68t 8 (11.8%) 47 (69.1%) 40 (58.8%) 4 (5.9%) 16 (23.5%)
Placebo 71 7 (9.9%) 49 (69.0%) 31 (43.7%) 10 (14.1%) 2 (2.8%)

* Excluding two children who did not demonstrate seroconversion.
f Excluding three children who did not demonstrate seroconversion.
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Table 5-Honduras measles vaccine trial, 1965, serologic response 25 days after vac-
cination

No. %
paired No. con- Serocon- Geometric mean HI titer of seroconvertors*

Vaccine sera verted* version* <12 mos. 12-23 mos. 24+ mos. All ages

Edmonston B 83 81 97.6 97.8 135.7 96.5 111.6

Further attenuated 71 68 95.8 66.4 80.0 64.1 70.6

Placebo 71 0 0.0 NA NA NA NA

* As indicated by appearance of HI titer of 1:5 or greater, 25 days after vaccination.
NA = Not applicable.

Five children did not develop HI anti-
bodies detectable at a level of 1:5 or
greater after vaccination. Three of these,
five, six, and seven months old, were
vaccinated with the further attenuated
vaccine. Two of the five, seven months
and two years old respectively, received
Edmonston B vaccine. One two-year-old
child in the Edmonston B group de-
veloped a titer of 1:5 only. The distribu-
tion of all postvaccinal measles HI titers
is shown in Figure 2.

All infants eight months old and older
developed HI antibodies after vaccina-
tion, as did ten of fourteen infants (71
per cent) four to seven months old.
Table 6 provides the serologic response
of infants by their age in months.

Discussion

Measles is a severe and frequently
fatal disease in much of the world, par-
ticularly the developing nations. Hence
there is ample justification for trials in
these areas to evaluate the safest, most
practical, and most effective means of
immunization. Clearly, regimens involv-
ing multiple visits to the vaccination
center or concomitant injections of
gamma globulin have the disadvantage
of increased demand for trained person-
nel and expensive materials.

This double blind controlled evalua-
tion of two currently available commer-
cial lots of single-dose live measles virus

vaccines indicates that the further at-
tenuated vaccine causes high fever less
frequently than the Edmonston B vac-
cine. However, the systemic symptoms
associated with vaccine-induced illness
were mild for both vaccines. As was
noted early in the experience with live

Figure 2-Honduras measles vaccine trial
serologic response 25 days after vac-
cination
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Table 6-Honduras measles vaccine trial, 1965, serologic response of infants 25 days
after vaccination

Edmonston B Further attenuated
Age in months Age in months

All All in-
4 5 6 7 8 9 10 11 infants 4 5 6 7 8 9 10 11 fants

Susceptible* 0 1 1 3 1 4 3 5 18 1 2 4 2 2 5 1 1 18

Seroconvertedt 0 1 1 2 1 4 3 5 17 1 1 3 1 2 5 1 1 15

* HI titer <1:5 at start of study.
t HI titer 5; 1 :5 25 days after vaccination.

measles virus vaccine,11 high fever was
infrequently accompanied by toxicity.
In Chile12 and Upper Volta,13 after
small-scale field trials, it was concluded
that reactions caused by the unmodified
Edmonston B vaccine did not warrant
the inclusion of gamma globulin in the
measles vaccination regimen. Success-
ful mass campaigns have been conducted
in both countries with the Edmonston B
strain alone.'4"5

Other studies in which the Edmonston
B and the further attenuated Schwarz
strain vaccines have been compared are
summarized in Table 7. The results of
the present study most resemble those

Table 7-Comparative studies of
rates *

of Krugman, et al.2 However, many
variables, such as study design, age, and
nutritional status of the study popula-
tion, season, type of reaction surveil-
lance, and methods of analysis, operate
in this type of immunization trial. Al-
though results are not strictly com-
parable from study to study, it is most
doubtful that the two recently produced
commercial lots of vaccine tested in this
trial differ significantly in their reacto-
genicity from their respective experi-
mental lots tested previously.

Both vaccines produced an excellent
immunologic response. Only five sus-
ceptible children, four of whom were in-

live measles vaccines, febrile reaction

Vaccine strain tested
Edmon-

ston B +
gamma

Investigators Country Edmonston B globulin Schwarz

Krugman, et al.2 United States 30.0 15.0 15.0
Morley, et al.6 Nigeriat NT 8.8 4.6
Nagler, et al.9 Canada 59.2 27.8 16.2
Milovanovic5 Yttgoslavia 39.4 37.0 NT
Hendrickse, et al.7 Nigeria$ NT 8.3 12.8
Present study Honduras 29.6 NT 14.7

* Per cent of susceptible children wvith temperature 5; 1030 F.
t Imesi-Ilesha.
$ Eruwa.
NT=Not tested.
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fants, failed to develop detectable HI
antibodies. Presumably in these infants
unmeasurable passively acquired ma-
ternal antibody prevented vaccine virus
multiplication.'6
The group vaccinated with Edmonston

B vaccine developed a significantly
higher geometric mean HI titer than did
the group who received the further at-
tenuated strain. Krugman17 has also de-
scribed this difference in titer which be-
comes more accentuated two years after
vaccination. Krugman has suggested, on
the basis of the absence of clinical
measles in vaccinated children under the
New York Health Insurance Plan, that,
regardless of the height of antibody titer,
both vaccines offer effective long-term
prophylaxis against challenge with nat-
ural measles.
The measles mortality rate, both in

the United States18 and in West Africa,19
is highest for children from 6 to 24
months old. Thus, the question of the
earliest age at which protection can be
offered is of practical importance. In
this study, all infants eight months old
or older produced HI antibodies in re-
sponse to vaccination. In fact, a high
percentage (71 per cent) of infants four
to seven months old responded sero-
logically to vaccination. Furthermore,
infants as a group had fewer high fevers
than the older children in the study.

These results suggest, as first implied
by data of Stokes, et al.,20 that the opti-
mal age for immunization with unmodi-
fied live ineasles vaccines is between 8
and 12 months. In situations where the
measles mortality rate for young infants
is high, it may be desirable to vaccinate
earlier, for example at six months, even
though some vaccinees may not be pro-
tected.

Conclusion
A placebo controlled. double blind

study compared production lots of the
Edmonston B and further attenuated

strains of live measles virus vaccine. A
neighborhood of Tegucigalpa, Honduras,
was the locus of the trial. Daily reac-
tion surveillance was conducted l)y a
team of auxiliary nurses and physicians.
About 30 per cent of susceptible children
vaccinated with Edmonston B vaccine
and about 15 per cent of those vac-
cinated with further attenuated vaccine
exhibited fever of 39.50 C (103.10 F)
or greater, from 4 to 14 days after vac-
cination. Over 95 per cent of both vac-
cine groups developed measles HI anti-
bodies by the twenty-fifth day after
vaccination.
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